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DescrtDTlon 

Lymphokines such as Interferons (hereinafter sometimes abbreviated as IRMa) and interieukin-2 
(hereinafter sometimes abbreviated as lL*2) have been considered to bo of clinical value for the treatment 

s of virol infection* and malignancies and recent technological advances In genetic engineering hove made it 
In principle possible to produce such lymphokines on large scales. However. It Is known mat the clearance 
of ty monokines administered to the living body ia In general very short. In the ceae of lymphokines derived 
from heterologous animals, h is anticipated that antibodies may be produced In some Instances and causa 
severe reaction such as anaphylaxis. Therefore, technology development Is desired which leads to delayed 

tv clearance of rymohokfnea used as drugs* with their activity retained, and furthor to decrease in their 
antigenicity. To achieve this object chemical modification of lymphokinee is a very effective means. Such 
chemical modification ia expected to result in delayed clearance In the living body, decreased antigenicity 
and, further, increased physiological activity. From the practical viewpoint, the significance of chemical 
modification of lymphoklnes is thus very great. 

18 Generally, In chemically modified physiologically active proteins, a method la required by which said 
proteins can bo chemically modified while retaining their physiological activity. Polyethylene glycol methyl 
ether is considered to have no antigenicity and therefore ts used in chemical modification of orotelna. The 
Introduction of said substance into proteins is generally performed by way of the Intermediary of cyonuric 
chloride. However, cyanuric chloride la toxic perse and the possible toxicity of its degradation products 

20 vM> remains open to question. Therefore, cyanuric chloride should 00 uasd Wltn caution. Furthermore, me 
reaction involved requires e pH on the olkolino aide ond therefore the above-mentioned method of 
modification has a drawback In that It cannot be applied to proteins liable to Inaetivstfon under alkaline 
conditions. 

US. Patent No. 4,00X531 discloses a method of producing monoalkylporyethylene glycol derivatives 
J? of enzymes. However, the method disclosed therein, which usee sodium ooronydilda at pH B.5, wnan 
applied to lympholtinea, may possibly destroy the physiological activity of fymphoklnee and therefore 
cannot serve ea an effective method of production. Furthermore, said patent specification doee not any 
suggestion ea to the effect of delaying the in WVo clearance of the enzyme derivative*, such effect ia 

therefore unknown- t m iJB . J 

js There ie also known e method of Introducing a low molecular aldehyde such as formaldehyde, 
acetaldenyde, benzaiaanyjjs or pyrtdoxaJ into physiologically active proteins in the presence of a 
boron-containing reducing agent (Methods In Cnzymotogy, 47, 468 — 478 (1977); Japanese Patent 
Unexamined Publication tie, 154,596/831. However, application of said method to lymphoid nas falls to 
achieve effective delay in clearance. A substantial decrease In antigenicity cannot be expected but rather It 
3s la possible that the tow molecular aldehyde Introduced may serve ss a hapten to thereby provide said 
lymphoklnes wltn Immunogenidty. 

The present Inventors studied Intensively to overcome the sbeve drffleuttiea end have now completed 
the present Invention. 

This Invention provides chemically modified rymphokines having polyethylene glycol of the formula 

49 rV+0—CH| — CMrfe 01 

wherein R ia e protective group for the terminal oxygen atom and n Is an optional positive Integer, bonded 
directly to at least one primary amino group of the lymohoklne moiety and a method of producing the 

45 somo. 

In the present specification,, the term "lymphoid ne" includes soluble factors released from 
lymphocytes and involved in cellular immunity end substances equivalent thereto In physiological activity. 

Thus, the lymphekinea may be genetically engineered products, products derived from various 
animals including humane and farther Include substances similar In structure and in physiological activity 
so to these. 

For instance, there may, be mentioned various interferons Pntarferort-a (IFN-a), irtterferon-0 (IFN-0). 
interferon-v (iFN-vU, IU-2. macrophage differentiating factor (MDF). macrophage activating factor (MAP), 
tioeuo plasminogen activator, end substances similar In structure and In physiological activity to these. 
Examples of said substance* similar In structure and in physiological activity are substances having 

£5 me structure Of IFN-v except for die lock of 2 to 4 amino adds at the N-termJnal thereof |PCT/JP84AX>292, 
filed June 6, 1094), various IFN-y fragments lacking in die C terminal portion of IFN-y (e-g- 1EK species; EPC 
Patent Application Wo. 84 111133.9). substances having mo structure or il-2 except tor the lack of tne 
N-termlnsI amino add thereof (CPC (laid open) SI 539) or the lack of 4 amino adds from me Ntormlnel 
(Japenese Patent Application 68-235638* filed Oecember 13, 1983) and substances having the structure of 

a> il-2 except for me lack of one or more constituent amino acids with or without one or more suostltute 
amino acids In place of said missing one or ones, for example the IL-2 analog containing serins In lieu of the 
12Sth amino acid cysteine (CPC (laid open) 104798). 

Preferred among such lymphoWnaa are ifn-q* IFN-y (consisting of 146 amino adds (EPC (laid open) 
0089876)]. IFN-y locking In (wo N-terminal amino acids (IFN-y d2), iFN-y lacking In three N-terminal amino 

ss acids (IFN-y d3>. and TL-2. 
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Tho h/mphokinea to bo used In the practfc of the invention preferably have a molecular weight of 
6,000 to 50.000, more preferably 10,000 to 30,000. 

The primary amino group of lymphokinoa Includes tho N-tormfnal a-amino group and tho c-amino 
group of the lysine residue. 
s Referring to the group represented bv the above formula (II, tne terminal oxvaen-pratecting group ft is, 
for example, an alky! or olkenoyl group. The allcyl group is preferably an alkyl of 1 to 1 0 carbon etome, more 
preferably a lower (C,-*) alkyl, such bs methyl, ethyl, propyl, (.propyl, butyl, l-butyl, see-butyl or t-butyl. The 
alkancyl group fa preferably an alkanoyl of 1 to a carbon atoms, more preferably a lower (Ct^«) alkanoyl, 
such ae formyl, acetyl, propionvl, butyryl, l*bufyryl or caproyl. Hie poaWve Integer n Is preferably not more 
to then 600, more preferably 7 to 120. 

The group of formula (I) preferably has a molecular weight of not more than 25,000, more preferably 
360 to 6,000. From tho viowpointe of physiological activity retention and clearance delaying effect, the 
group of formula (0 preferably has a molecular weight corresponding to 1 to 10%, more preferably 2 to 6% 
of the molecular weight of the tymohoidne to be modified. 
ts The chemically modified h/mphokines according to the invention have the group of formula II) dl reedy 
bonded to at least one of the primary group of the corresponding lympnoklnea. 

When the hRerminel a-amlno group la the only primary amino group In tho lymphokine to bo 
modified, the modified lymphoid*© haa the group of formula (I) directly bo*d«d to said amino group. When 
the h/mphoklne to be modified has one or more lysine residues in (ta molecule, the modified lymDhoklne 
zo has tne group of formula 0) directly bonded to aomo percentage, preferably 1 S to 80% Ion the average), of 
aeld e-amino groups. In thfe case, the N-tormlnal a-amlno group may have or may not have the group of 
formula 01 directly oonded thereto. 

The chemically modified lymphoid no* according to the invention con be produced, for example, by 
reacting e lymphoUna with the aldehyde of the formula 

M fH<)-^H t CH r )!p r O--CH l CHO (II) 

wherein R and n are ea defined obovo. In the presence of a reducing egent. 

Aa the boron-containing reducing agent to be ueed am conducting the reaction, there may be 

30 mentioned sodium bo ro hydride and sodium cyanoborohydrido* Among them, more preferred ia sodium 
cyenoborohydrlde fromnme viewpoint Of seJectMty of reaction or possibility of carrying out the reaction In 
the neighborhood of neutrality. 

In carrying out the reaction, the aldehyde (II) le used In en amount of about 1 to 10,000 molea per molo 
of the tymphofcine, and the boron-containing reducing agent le used in an amount of about 1 to 100 molea 

as per mole of the lymphoklne* The degree of modification can be selected as desired by varying the mole 
ratio between lymphoid no and aldehyde (N). The solvent to be used in carrying out the Invention may be 
j»ny solvent which does not disturb the reaction and fa* for example* a Duffer such as a onosphate or borate 
butter. An organic solvent which does not inactivate lyrnphokinee or disturb the rooctlon, such ae a lowor 
olkonol (o*g- methanol, othanol, Upropanol) or acetonftrite, may be added. The reaction may be conducted 

40 within a broad pH range of 3 to lacut Is preferably performed in we vicinfcyof neutrality (gH e^— 7.5). The 
reaction temperature may be selected within e broad range of 0* to 8CTC, preferably 0* to 50*0, so as not to 
oeuae denatu ration of lymphoid nas. A period of 0.5 to 100 hours, generally 10 to 80 hours, will be sufficient 
for WO reaction. The desired* cnemlcally modified lyrnphokinee can be obtained by purifying (he reaction 
mixture by dialysis, salting out, ion exchange chromatography, gel filtration, high performance liquid 

4g chromatography, electrophoresis, or the like ordinary method of purifying proteins. The degree of 
modification of we amino group or groups can be calculated by add degradation followed by amino acid 
anatyel*, for instance. 

The above-mentioned aldehyde (II) can be produced from an ethylene glycol derivative of the formula 

ft tO CMaCHrfaOH |UI| 

wherein R end n ore es defined above, for Instance. The following le a method of producing the same which 
Is advantageous In that We production of We corresponding Byproduct carttoxytic aclo is Utile. 

Thus, We compound (in) is oxidized wHh pyrldlnfum ohforochromete in e holoelkono solvent auch as 

*u methylene chloride or chloroform. In this coee..pyrid1nlum chlorochromete is used In an amount of 1 to 3 
moles per mole of compound (III) and we reaction ia carried out at -10" to Bore, preleraDly at room 
temperature, for 1 to 30 hours. 

Treatment of compound (III) (n-1) wtth potassium butoxfde In t-butenol followed by reaction with a 
bramoaearaJ end treatment wfW en acid auch ss an organic acid (e.g. trrfluoroecotic add) or an inorganic 

S9 acid (e.g. hydrochloric or oulfurlc acid) can also give the corresponding aldehyde (II) which is longer In 
chain length by — O — CH*CH*— then compound (ML In this case, 10 to 30 moles, per mole of compound 
(ill), of ootassium t-butoxida Is added to the above compound end, after dissolution, 3 to 15 molea, per 
mole of compound (III), of a bromoaeetal ts added, followed by reaction et 10* to 8Q*C for 0-5 to 5 hours. 
After treatment of the reaction mixture in the conventional manner We product is dissolved in a dilute 

ea aqueous solution of the above-mentioned ocid, followed by heating for 5 minutes to 2 hours. 
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In each ease, the ruction mixture can be subjected to purification process conventional In the field of 
chemistry, such as extraction, concentration, recrystallizati n, re precipitation, chromatography and/or 
distillation. 

The Chemically modified h/mphokines according to the invention hovo useful physiological activities 
* similar to those of the corresponding known, unmodified lymph okines and are useful as drugs, among 
others. 

The chemically modified lympnoWnes according to the invention exhibit delay in dearonca in vwo oa 
compared with the corresponding known, unmodified h/mphoklnes and are low In toxicity and antigenicity 
end can be uead safely for the same purposes and in me seme manner as In tne case of known 
'0 lymphoklnea. 

Tho ehomiealh/ modrfied tymphelunes seconding to the invention can usually be administered to 
mammals (monkey, dog, pig. rabbit, mouse, human) either orally or parenterals/ in the form of appropriate 
DharmaceutiCBl compositions prepared by using carriers, diluents, etc, which are known In themselves. 
Thus, for Instance, chemically modified IFN-a according to the invention, when used as an antiviral 
is agent, is reeommendebly administered to numan adults once a day by intravenous Injection In a dose of 
1x10* to ixio* international units. 

In the present specification, the amino acids, when referred to by abbreviations, are abbreviated 
according to iupac-iub (Commission of Biological Nomenclature). 

The transformant Escherichia coll 2S4/pHITtrp1101-d2 as disclosed hereinlater in a reference example 
3o has been deposited with Institute for Fermentation, Osaka UFO) under the deposit number IFCM43S0 and. 
since June 6, 1984, With the Fermentation Research Institute (FRO, Agency of Industrial Science end 
Technology, Ministry of International Trade and Industry under the deposit number FERM BP*703 under 
Budapest Treaty. 

The strain Escherichia coll DH1/0TF4 has been deposited with the Institute for Fermentation, Osaka 
78 under the deposit number 1FO-14299 And, since April 6. 1984. with the FRI under the deposit number FERM 
BP-628 under Budapest Treaty. 

Brief description of drawings 

Ftg. 1 ahows the dearance4elaytng effect. In rat plasma as disclosed In Example 1 (tv). Trie 

39 measurement results obtained with the chemically modrfied IFN-a according to the invention as produced 
In example 1 (i) are indicated oyO (enzyme Immunoassay) and Q (antiviral activity essay), and the results 
obtained with riFN-oA used as a control by % (enzyme Immunoassay) and ■ (antiviral activity assay). 

Rg. 3 shows the clearance-delaying effect in rat plasma as disclosed in Example 3 (HI. The data 
indicated by A. □ and 0are the enzyme immunoassay data for compound No. 8, compound No. 2 (Table 
& 1) and control riFN-oA. respectively. 

Rg, 3 shows the construction scheme for the expression ptasmid oHrrtn>noi«d2 disclosed fn 
Reference example 3 fi) and Fig. 4 the construction achemo for the expression plssmid pLC2 disclosed in 
Reference example 4 (i). 

40 Best mode for carrying out die Invention 

The following working examples and reference examplee illustrate the invention fn mora derail but are 
DV no mesne limitative of the invention. 

Exemple 1 

40 Production of polyethylene glycol methyl ether-modified iFN-o 

(I) A 5-mJ (4.8 mg as protein) portion of a solution of IFN-a (rlFN-aA) wss dlalvzed against 0.2 M 
phospnate buffer (ph 7.0) end 0.1 S M sodium chloride at 4fC for 1 2 hours. To the dialyzate taken out. there 
was added the poiyethylenegh/eol methyl ether aldehyde (average molecular weight 1,900) (260 mg) 
obtained In Reference Example 1. Then, sodium cyanoborohydrida (140 mg) w&s added* end the mixture 

SO was stirred et 3T"C far 40 hours. The reaction mixture woa poured Into e Sophadax G-75 column (3.0x43,0 
cm) end developed with 2B mM ammonium acetate buffer IpH 5.0) and 0.15 M sodium chloride. The eiuate 
was collected In &-ml portions. Eluete frictions (too- — iso ml) containing the comempuned product were 
combined. Assaying by the Lowry method using bovine serum albumin as a standard revealsd that the 
protein content in the combined fractions was 84 ugAnL Amino add ratios in acid hydro lyssta (6 N 

ss nyorocfllonc acid, none, 24 hours) were as follows: Asp, 12.2 (12); Thr, 10.4 (10); Ser, 16,0 (14); Glu, 24.8 
(26); Pro, 6.0 (S)j Giy, B3 (S); Ale, 8.6 (6); Val, &S (7); Mat, 4.0 (S); lie, 7.6 (8); Leu, 21.0 (21); Tyr, 6.2 (6); Pho, 
9.9 (10): lys, 6LS; His. XB (3); Anj. 9.1 (9); Cys. Trp, decomposed, in view of the fact that HPN-oa contains 1 1 
lys residues, the above results led to e conclusion that about 41% of Lye residues In interferon o had boon 
modified et the o-emino group with the polyethylene glycol methyl ether (average molecular weight 1 .900). 

so The potency of this product aa determined by the enzyme immunoassay mstnod [Methods in Enzymoiogy, 
79, 689— €96 (1981)1 was 1.51x10' International unita/mg and the antiviral activity as determined by the 
method described in Journal of Virology, 37, 765—758 (1681) was 0.57* 10 7 International unrts/mg. This 
product (IFa*3) was submitted to a clearance test in rata as mentioned later herein. 

(II) Using 100 mg of tho polyethylene glycol methyl ether aldehyde obtained In Reference Example 1 
65 and having en average molecular weight f 750 end 100 mg of sodium cyanoborohydrtde, rtFN-oA was 
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mated in the same manner a (i) to give 3D ml of a solution of polyethylene glycol methyl ether-modified 
IPN-o with a protein content of 130 ufl/ml. Amino add ratios In acid hydroh/eate (6 N hydrochloric acid, 
110°C. 24 hour*) werg oo follows: Aap. 12.1 (121; Thr. 10.1 00): Ser. 13.6 (14); Glu. 28.7 (28); Pro. 5.6 (6); 
Gly, 5.8 (5); Ala, 8.4 (8); Vsl. 6.7 (71; Mel, 5.6 (6); lie, 7.4 W; Leu, 21.0 (21); Tyr. 5.1 (5); Phe, 3.8 (10); Lye, 4.7; 

S Hig 3.6 (3): Ara, 9.1 (9): Tro. 1-8 (2); Cye, decompoaed. Tho above data indicate that about 67% of Lye 
residues hod been modified at the e-amlno group. Enzyme Immunoassay performed In tna same manner 
ae (I) gave the result S*10» International unlts/mg, and the antiviral activity of the product wea 0.14x10* 

International unliB/mg. . , , 

(III) The procedure of (i) wae followed using 27 mg of the polyethylene glycol metnyl etner aldehyde 

to end 27 mg of sodium eysnoborohydrids and there wea OBtained SO ml of a polyethylene glycol methyl 
ether-modified IFN-O solution with a protein content of 46 ug/ml. Amino acid retloe In acid hydrolysete (8 N 
hydrochloric acid, 110*0, 24 houre) gave the following resulte: Asp, 13.8 (121: Thr, 10.4 (10); Ser. 14,9 (14); 
Glu, 28.6 (26): Pro, 5.5 (5); Gly. 6.1 (51; Ala, 8.3 (81; Vol. 6.6 (7); Met, 5-2 (5); lie, 7.4 (8); Leu, 21.0 (21); Tyr, 5.3 
(5); Phe, 10.2 (10); Lya. 9.0; His. 3.6 01: Arg, 9,1 19); Trp, 23 (2); Cys, decompoaed. The above data indicate 

is that about 19% of Lya residues had been modified at the e-amlno grouo. Enzyme immunoassay performed 
In the seme manner as (I) gave the result 1.09x10* International unlta/mg and the antiviral activity of this 
product was 1,63x10* international unitc/mg. 

(M The chemically modified IFN-a (IFA-3) of tne invention as Obtained above In (1) waa administered to 
e oroup of three 7-week-old female SD rats by Injection into the femoral muscle In a doae of 1.274X io» units 

to par capho. After e prsecnbed period, blood wee eampled from the caudal vein and tne I FN -a potency In 
plasma was determined oy tfiO enzyme immunoassay method and antiviral activity method daaeribed In 
Example 1 (I). A distinct delay in clearance wae observed aa compared with a group administered 
unmodified interferon o {rlFN-oA) In a dose 1-253x10* unloi per capita. 
The ebove resulta ere depleted In Pig. 1. 

25 . 

To 6 ml of the solution of chemically modified iFN-o (IFA-3) of the Invention ee obtained In Example 1 
(I), thoro to added 250 mg of human serum albumin. The resulting solution 18 filtered tnrougn a memorene 

filter (pore ci»; 0-2 urn) and distributed Into 5 vials, followed by lyophilteation and storage. The contenta of 
so each vial are dissolved In 1 N ml of distilled water for Injection Just prior to use. 

Example 3 

Production of polyethylene glycol methyl ether-modified lFN-a end elkaiwyl-DOIvethvlene gh/col-modlflaa 
IPN-a 

3S (I) The tine compounds were synthesized by ueing the polyethylene glycol methyl ether eidahyde and 
olkanoyl polyethylene glycol aldehyde obtained In Reference Example 1 and Reference Example 2, 
respectively, and following the procedure of Example 1. Venous data for oaoh derivative synthesized are 
shown In ToWe 1 end amino add anelyeie data therefor In Table 2. 

(11) The chemically modified lPN-a spades obtained in II) above (compounds No. 2 and No. 8) were 

4) administered to 7-week-old female SD rets In groups of 3 by Imramuacular injection Into the femur In doses 
of 3.12xio § unite and 2.66*10* unite, reepoctivety. Thereafter, blood samples were collected from tne 
caudal vein at times Intervals and assayed for IPN-a potency In plasma by onsymo Immunoassay. 
Obviously delayed clearance wee notod oc compered with the group given 3-fi2xl 0» unite of unmodified 
IFN-o. These resulta are depicted In flg. 2. 
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TABLE % 



Amino odd analyata value 



Com- 
pound 
No. 


i 


2 


3 


4 


5 


6 


7 


8 


9 


rlFN 

HlA 


Theo- 
reiical 
vsluo 


Asp 


12,8 


12*7 


12.5 


12.5 


134 


12^ 


12.2 


12.5 


12.8 


12.6 


12 


Thr 


n,7 


11.6 


11.2 


10.9 


11.3 


114 


10.9 


11.8 


11J 


11.6 


10 


Ser 


15.9 


16.7 


16.7 


164 


17.6 


153 


163 


163 


153 


163 


14 




27.4 


27.0 


26,7 


273 


273 


273 


20.1 


203 


20.4 


27.0 


26 


Pro 




5.3 


5.8 


5,5 


5.6 


63 


S3 


6,7 


5.7 


3.7 


6 


uiy 




K ft 


4 O 

«*-o 




7 1 


A a 

4.0 




S_9 

5»— 9 




4_fi 


c 
a 


Ala 


O 1 


e a 


R 1 




O.Q 




7 3 






7 9 


o 
O 


cya 
























Vol 


o.o 


0.0 


Va/ 




7 a 

/•J 


B 7 




B.9 


7.1 


6.B 


7 


Mat 


3-2 


4V7 




4.3 


4jA 


4.3 


4.1 


4.7 


43 


3.9 


5 




7.7 


7.7 


7.7 


7.6 


8.0 


73 


73 


73 


73 


73 


8 


Leu 


21.0 


2W) 


21.0 


21.0 


21.0 


213 


213 


213 


213 


213 


21 


Tyr 


43 


4.5 


4.0 


4*6 


43 


43 


43 


43 


43 


43 


5 


Phe 


93 


9.B 


93 


93 


93 


83 


93 


9.7 


93 


93 


10 


Lv« 


a6 


10.3 


10.8 


93 


5.4 


6,1 


23 


63 


43 


11,3 


11 


HI. 


2.7 


ao 


2.7 


2.7 


23 


23 


23 


23 


23 


4.1 


3 


Arg 


84 


ad 


9.2 


83 


ai 


83 


as 


7.7 


73 


83 


9 


Trp 
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45 — : Not detected. 
Example 4 

Production or polyethylene glycol methyl ether-modified Interfsrorvy 

(i) A 6-ml portion (5.95 mg oo protein) of o solution of the Interferon-v protein produced DV tne 

so recombinant DMA technique (hereinafter abbreviated as rJFN-y ; cf. EPC laid open No. 1 1 0044) wee applied 
to a Sephadex G-26 column 12-0x60.0 cm) and developed with 0.2 M phoephate buffer <ph 73). The eiuste 
waa fractionated Iri 6-ml portions. Fractions Noa. 11 — 13 wore combined and diluted to 100 ml with the 
aame buffer. Thereto was added polyethylene glycol methyl ether aldahyde (average molecular weight 
760) (22B mg), followed by addition of sodium cyanoeoronvdrfde I300 mg). The mixture was shaken at T7*C 

a for 72 hours. The resulting precipitate wee removed by eentrifugotlon. The aupematant wee concentrated 
to 10 ml using a Qlaflew membrane (Amicon). The concentrate wee applied to a Sephadex G-7E ootumn 
(33x433 cm) and developed with 26. mM ammonium acetate buffer (pH 6L0)+O.15 M todlum chloride* 10 
mM glutathione. The elueto waa fractionated in 5»ml portion*. Fraction* No*. 17-^24 containing the desired 
product were combined. The protein content In the combined fractions as determined by the Bradford 

00 method uaing bovine aerum albumin ee a standard wee 7.73 ug/rnl. The acid hydroiysate (6 N nydrocnlorle 
acid. 110%. 24 hour*) save the following amino acid anatyaie values: Aap, 193 (20); Thr, 4.7 (61; Sor, 63 
(11 ). Glu, 18.3 (16I: Pro, 2.1 (2): Qly. 9.4 15); Ale. 73 (8); Val, 8.4 (8); Met, 3.7 14>; lie. 7.1 OU Leu, 9.7 (10), Tyr, 
SJ3 (5); Phe f 9.7 (10); Lye, 17.6; Hia, 23 (2); Arg, 6.0 (8); Cys, Trp, decompoeed. Since rIFN-v contains 20 Lye 
residues, the above results Indicate that about 12% of the Lys t-amlno groupe in riFN-y had been modified 

as by polyethylene glycol methyl ether lav rage molecular weight 760). The product nad an antiviral activity 
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of 1.3X10* international unirs/mg. Administration or the product to rats resulted in obvious delay In 
clearance in blood. On the other hand, the precipitate was dissolved in 6 M auanldine hydrochloride and 
dialyzed against 25 mM ammonium acetate (pH M)+0.15 M sodium chlorlda+10 mM glutathione at 4°C 
overnight, followed by Sepnadex G-75 gel miration in the same manner as above. The thus-purified 

s fraction (25 ml) had a protein content of 126 ug/ml and amino add analysis of the acid hydrotysate (6 N 
hydrochloric acid, 110*C, 24 hours) gave the following values: Asp, 20.0 (20); Thr, U (5); Ser, 9-5 (11); Giu, 
27.8 (18); Pro. 2.7 (2): Gly, 14.6 (5); Ala, BlI (a); Val, B.5 (H); Met 43 (ai: He 7.2 (7): leu, 10.2 (10): Tyr. £.8 
(5); Phe, 10.1 (10); Lye# 14.7; Hla, 2.0 (2); Arg, 7 J (6); Thr, 0.7 (11; Cys, decomposed. The higher values for 
Glu and Gly than the theoretical are presumably due to contamination by glutathione. Since rlFN-y contains 

w 20 Lye e-amino groups, the above results indicate that about 28.9% of the Lya s-amfno groups in hfn-v had 
boon modified by polyethylene glycol methyl ether. 

(11) Using 225 mg of polyethylene glycol methyl ether aldehyde having an average molecular weight of 
760 and 1 20 mg of sooium cyanoooronydrf da, riFN-y was treated in the same manner as (f) in the presence 
of 2*mercaptoethanol (2%) to give 30 ml of a polyethylene glycol methyl ether-modified rlFN-y solution 

IS having e protein content of 236 ugVml, Amino add analysis of the acid hydro Jvsate (6 N hydrochloric acid, 
1 lore, 24 hours) gave the following values: Asp. 20.0 (20); Thr, 6.2 (8); Ser. 9.6 (11): Glu, 33.6 (18); Pro. 1.8 
(2); Gly, 19.9 (6); Ala, 8.2 (6); Val, 6.9 (8); Met, 4.6 (4); l\;7AP); Leu, 10.2 (101; Tyr, &6 (6); Phe f 10.7 (10); 
Lys, 10L2: His. 23 (2): Arg. 7.9 (B): Trp. 0.6 (1); Cys r decomposed. The higher values for Glu and Gly are 
presumably due to contamination with glutathione. Since rlFN-y contains 20 Lys e-amino group*, the 

20 above results Indicate that about 50% of the Lys s-emino groups In rlFN-y had been modified by 
polyetfiyiene glycol methyl ether. 

Example 5 

Production of polyethylene glycol methyl ether-modified IFN-yd2 

is (}) A 5-ml portion (4.66 mg as protein) of the IFhVyd2 solution obtained In Reference Example 3 ia 
applied to e Sephedex G-zb column (2.0X60.0 cm) and developed with 0.2 M phosphate buffer (pH 7.0). The 
eluete ia fractionated by S ml. Fraction* Noo. 11 — 13 ore combined and diluted to 100 ml with the same 
buffer. To the dilution is added polyethylene glycol methyl ether aldehyde (average molecular weight 750) 
(200 mg). and then sodium cyanoborohydrlde 1300 mg)» The mixture is shaken at SFC for 72 hours. The 

** resulting precipitate is removed by centrifugal! on. The supernatant re concentrated to 10 ml using e Outflow 
membrane (Amicon). The concentrate is applied to a Sephedex G-76 column (3.0x43.0 cm) end developed 
with 26 mM ammonium acetate buffer (pH &0)+OVtO M sodium chloride-MO mM glutathione. The eluate is 
Fractionated by 6 ml, and the tractions containing modified IFN-yd2 having the polyethylene glycol methyl 
ether moiety on the Lva s-amlno group In the molecule are collected and combined. When this product is 

35 administered to rota, evident delay In cfeerence In blood la noted. 

On the other hand, the precipitate Is dissolved in 6 M guanldlne hydrochloride, dielysed agelnet 26 mM 
ammonium acetate buffer (oH 6.0H-0.16 M sodium eMOride+10 mM glutathione at 4"C overnight, and 
purified by Sephedex G-76 gel filtration in the eame manner as abovo. Thus ?a obteined o taction 
containing modified IFN-yd2 having the polyethylene glycol methyl ethyl moiety on die Lye *-am!no group 

40 In the molecule. 

Example 6 

Production of polyethylene glycol methyl othor-modlRod IFNHy3 

(I) A 6-mi (8.5 mg as protein) portion of the IFKJ-vd3 solution obtained In Reference Example 4 le applied 

e too Sephedex Q~2S column (2.0x60.0 om|, followed by davelopmsm wttn 02 M DhOSDhate buffer (pM 7.0). 
The eluate Is fractionated in 6-ml portions. Fractions Nosi 11— 13 ere combined* and thereto ere added 
polyethylene grycol meihyleiher aldehyde (average mol ecular weight 750) (228 mg) and then sodium 
cyenoborohydride (120 mg). Tho mixture la shokon et 37*C for 24 hours. The reaction mUcture le applied to a 
Sephedex 6-75 column (3.0x43.0 em), followed by development with 26 mM ammonium acetate buffer 

so (pH Thia ia obtained a fraction containing modified !FN*yd3 wfth oi© DOiyatnytene glycol methyl ether 
moiety on die Ly8 c-amlno group In the molecule. When thia product is administered to rats, obvious delay 
in clearance in blood is observed. 

Example 7 

55 Production of polystnyiene glycol metnyi ether-modified IL*2 

(I) A G-rnJ (5.0 mg ee protein) portion of tho intcriouUn 2 (hereinafter abbreviated as flL-2) obtained In 
Reference Example 8 was dlslysed against 0.3 M phosphate buffer (pH 7.16) for 12 hours. To tho diolyzete 
was added poiyexnyiene glycol metnyl ether aldehyde (averag e mo lecular weight 760) (97 mg), and then 
sodium cyenoborohydride (1 00 mg). Tho mixture waa stirred at 67*0 for 24 hours* The resultant precipitate 

to wae removed by csntrifugstion. The supemsnnt wee dlalyssd againt 6 mM ammonium acetate buffer (phi 
5.0) for S hours. The dieryzate was applied to e Sephedex G-76 column (3.0X43.0 em) end developed with 
the same solvent systsm. The eluete wee fractionated In 6*ml porrione* The desired product*contalning 
fractions Noe. 21—29 were combined. The combined fraction had e protein content of 25 ug/mi as 
oetormined by the Bradford method using bovine serum albumin as a standard. The acid hvdrolysate (6 M 

gg hydrochloric Add, 1 10*C 24 hours) gave the following amino ecfd anelyele vatuee: Asp. 12.0 (12); Thr, 12.5 
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(131: Ser 7.1 (8): Gly, 18.6 (18); Pro, 5.5 (5): Gly, 2.2 (2); Al . 5.0 (6); Vei. 3.7 (d); Mot, (4); Ha. 8.1 (8); Leu, 
22.2 (22); Tyr, 3.0 (3); Phe. 6.0 (6); Lye. 7.3; His, 3,0 (3); Arg, 3.9 (4); Cve, Trp, decomooaed. Sine© rlL-2 
contains 11 Lye residues, the above result* indicate that about 33.6% of the Lye e-emtno groups had boon 
modified by polyethylene glycol methyl ether. The IL-2 activity of the product as determined by the method 
s of Hlnuma at al. (Biochemical and Biophysical Research Communications, 709, 383—369 (1982)] which 
measures the growth of an lL-2-dependent mouse natural killer cell line (NKC3) with the pHl-thymidine 
uptake into ON A ea an index was 22,898 un fta/rng. When rlL-2 is supposed to have an activity of 40,000 
unhs/mg, the product la estimated to retain 57.7% of the activity. After administration of rtifa product, 
obvious delay in clearance in blood wee noted. 

Reference Example 1 

Synthesis of polyethylene glycol methylether aldehyde 

(l) Polyethylene glycol metnyt ether (sg; average molecular weight 5.000) wee dissolved in methylene 
chloride (100 ml) and then pyrldinium chlorochromete I330 mo) was added. The mixture was stirred at 

is room temperature for 12 hours. The reaction mixture was diluted two-fold with methylene chloride and 
poured into a Flbrfsli column (6x10 cm), and tne column wee weaned wltn methylene chloride and then 
with chloroform, followed by elution with methanolehloroform (1:9). Fraction* positive to 2,4-dinrtro- 
phenylhydrazine test were combined, the solvent was distilled off under reduced pressure, and there was 
obtained a crystalline wax. Yield 1.6 g (30%). Thin leyer chromatography: R r -0.09 (chlorofornvmethenol- 

30 acetic acld-9: 1 :0.S, silica gel). 1% C*NMR spectrometry revealed an absorption due to the aldehyde group in 
hydreted form f— £H(OH)») at 96.2 ppm. 

(10 Polyethylene glycol methyi ether (10 g; average molecular weight 9,000) wee dissolved In 
tertlary-burenol (100 ml). Thereto was added potassium tertiary-butoxide (4.17 g), followed by addition of 
bramoacetai (2.SB ml). The mixture was stirred fit 40*C for 2 hours. The tartiary-butanai was then distilled 

is off under reduced pressure, water was addod to the residue, end the aqueous mixture wee extracted with 
chloroform (200 mix 2). The extract waa washed with water and dried over anhydrous sodium sulfate. The 
chloroform waa men dietMed off under reduced pressure, petroleum benzine waa added to the residua, and 
the resultant crystalline residue was collected by filtration and washed with ether. Thus woe obtained 3.5 g 
(96%) of the corresponding polyethylene glycol methyl ether diethyl acetal. A 5-g portion of (he acetel wee 

so dissolved in 60 ml of 0.05 M trifluoraecette acid, treated In a boiling water bath for 30 minutes end men 
lyophillzed, giving a polyethylene gh/col methyl ether aldehyde longer In chain length by — O— CH a CH*— 
than the product obtained in i\h 

(III) Polyethylene glycol methyl ether (6.7 g; everege molecular weight 1,900) was dissolved In 
methylene chloride (100 ml) and then pyridlnlum ehloroehromete (070 mg) wee edded. The mixture was 
stirred at room cemperanire for 12 hours, then diluted wftn en equal volume of methylene chloride, end 
poured into a RorlsU eelumn 16.0x10.0 cm). The column wae washed with mathylone chlorido and then 
with chloroform, followed by elution wltn 10% methanoi/chioratorm Fractions positive to 2.4-dinttra- 
phenylhydrezfno test wcro combined. Removal of the solvent by distillation gave e crystalline wax. Yield 
1.8 g (30%). Thin layer chromatography: Rr*0.10 (chlorctform-methsnoi-ecetie seid»9:1;0.5, sliroe gel). 

40 "C-NMR soacuormnry indicated the oreaence of an aoaorptlon due to me aldehyde group in nydrated form 
(— CH(0H) a ) at 98.2 ppm. 

(Iv) Polyethylene glycol methyl ewer (19.5 gj average molecular weight 1.900) wae dieeotved in 
tertiery-butanol (100 ml). Potaaalum tertiaiy-butosde (10,4 g) was added and then bromoecexel (6.4 ml) 
wee added. The mbetur* wse etirred at 40*C for 2 hours. The tartfery-bvtsnoJ wee men distilled off under 

45 reduced pressure. Water wae eooeo to the residue, followed by extraction with chloroform (200 mix 2). The 
extract was washed with water and dried ever anhydrous sodium sulfate. The chloroform wee distilled off 
under reduced pressure, petroleum benzine wee edded to the residue, end the resultant crystal line residue 
was collected by filtration and washed with ether to give 9.5 Q (Bas%| of aeetai. A 3-g portion of the acetal 
was dissolved in 0.09 M trffluoroacetlc acid, end the solution wae treated In 0 boiling water both for 30 

so minutes and then lyopnillzed to give e polyethylene glycol methyl ether aldehyde longer in chain length by 
— 0— CH a CH«— than the product obtained In (HI). 

(v) Polyethylene glycol methyl ether speclea having average moleculer weights of 750, SSO and 350 
were derived to the corresponding aldehyde species by following the above procedures. 

ss Reference Example 2 

Synthesis of alkenoyi poryemyieneoiycol aldehyde . 

(1) In 60 ml of pyridine, there wee dissolved IS g of polyethylene glycol 1940 (Weko Pure Chemical 
industries) (everege molecular weight 1500). To the solution was added 1.8S ml of acetic anhydride. The 
mixture wae stirred at 40"C for 2 hours and men at room temperature for 19 hours, Thereafter, the solvent 

em wae diatllled off under reduced preeeure. The residue was dissolved In chloroform, and the solution was 
washed with water the chloroform layer wes dried over anhydrous sodium aurrete, end the chloroform 
wee distilled off under reduced pressure. The residue wee disserved in a small amount of cniOfuform, a 
petroleum benzine-ether (2:1) mixture waa added to the solution, and the mixture wee allowed to stand to 
give 14 g (90%) of a crystalline wax. A 1.4-g portion of tne wax waa dissolved in 60 mi of methylene 

oe chloride, followed by addition of 300 mg of pyridfahim chlorochromete* The resulting mixture waa stirred 
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at room temperature for 18 hours. The reaction mi)cturB was applied to sides go) C-200 (Weko Pur© 
Chemical Industries) column (3x50 cm), end the column was washed with 5% methanol-chloroform (200 
ml) and ©luted with 10% methanol-chloroform. Fraction* positive to the 2/t^lnItrophenylhydn»lno teat 
were combined, and the solvent wsa distilled off under reduced pressure. A crystalline wax was obtained, 
« Yield 580 mg (41%). 

(II) In 50 ml of methylene chloride, there was dieeotvod 20 9 of polyethylene glycol 1000 (Wakg Pure 
Chemical Ind.) (average molecular weight 1000). followed by addition of 5.15 g of n-caproyl anhydride. The 
mixture was stirred at 70°C for 2 hours. Then, the solvent was distilled 01T, and the residue was purified 
using a allies gal C-200 column (3x60 cm) and elutfon with ethyl acame^methanol (4:1 ) to give 14.9 g (60%) 
'0 of an oil, wnich solidified uoon standing In a rsmpsrator. The subsequent oxidation with pyridlnlum 
chlorochromeui as conducted In tho semo manner so (I) geve the corresponding sldehydB. 

Reference Example 3 — Production of IFN-vd2 
(I) Transformant preparation 
'* The IFN-y expression plasmld pH(Ttrp1101 [cf. EPC (laid open) No. 110044. Example 2 (iii)] woe 
digested with the restriction enzymes Avail and flffl. and en AvslhPsA 1 Kb ONA fragment containing the 
IFN-y gene portion was Isolated. The protein synthesis start eodon-oonteining oligonucleotide adapter 



20 



CGATAATCTGCCAG 
TATTACACGCTCCTC 



chemically symhasised by the phoaphetriestar method wee joined to the above DNA fragment et the >4vall 

cohesive end thareof using T4 ONA Haass. 
26 The ebove adapter-joined gene was inserted into the ONA fragment obtafned by cleavage Of Ihe 

ptesmfd ptrp77i [cf. above-cited publication. Example 2 (ii)] with die restriction enzymes Del and PaA. 

downstream from the op promoter In said fragment. Thus was constructad the axprassion plasmld 

pHrttrp1 101-43 coding for the Cys-Tyr-defJcient iPN-y potypoptido (Fig. 3). 

Escherichia coll 294 was transformed with this plssmid pHrrtrpI 101-d2 by the method of Cohen et al. 
30 (Proc Ned. Acad. Sci. U.&A., fiS, 2110 (1372)1 to give the transformant Escherichia coll <-£ coiti 

294/pHlTtrp1l01-d2 earring ssld plasmld. 



Ill) Transformant cultivation 

as The strain £ coi) 294VpMITtrp1 10l-d2 carrying the plaamid constructad In (1) ebove wes cultivated In M9 
medium containing 8 ug/ml of tetracycline, 0.4% of csssmlno adds and 1% of glucose at 37*& When tho 
growth reached KU 220, >p-(ndolytacry lie add (IAA) was added to a concentration of 25 ug/ml. Thereafter, 
the cultivation was continued for further 4 hours. After cultivation, cells wore harvested by centrlfugotlon 
and suspended in 1/10 Volume of 0.05 M Tris-HO (pH 7.8) containing 10% sucrose. To the suspension'there 

* were added phonylmethytculfonyl fluoride, NaCI, ethytensdfamlnetetraacetatB (EOTAh spermidine and 
lysozyme to concentrations of 1 mM, 1 0 mM, 40 mM and 200 ug/ml, respectively. After standing at ITC for 1 
hour, the suspension was mated at 37X for 3 minutes to give a lysste. 

The h/este was subjected to centrifugatlon ot 4*C end 20,000 rpm (Servall centrifuge, SS-34 rotor) for 30 
minutes to give an IFN-yd2 polypeptide-contalnlno supernatant This supernatant had en antiviral activity 

4S of 2-87*10* U/lrter culture fluid. 

(iii) Purification of JFN-yd2 

In 18 ml of Ol M Trfa-hydrochloride buffer (pH 7.0) containing 7 M guenldlne hydrochloride and 2 mM 

so phenylmotrn/laurfonyl fluoride, there were suspended 53 g of celts obtained In Ota same manner as (11) 
above and stored in the frown state. The suspension was stirred at 4*C for 1 hour and than subjected to 
osmrrfugatlon Btl0,O0gxgfor 30 minima to give 20 ml of a supernatant This supernatant was diluted with 
260 mi of a buffer (pH 7.4) comprising 137 mM sodium chloride. 2.7 mM potasaium cnioflde, 8.1 mM 
disodlum phosphate and 1.5 mM monopotasslum phosphate (hereinafter cuch buffer being referred to bv 

bb the abbreviation PBS) and the dilution was applied to an antibody column (Mey2.ll.i, column volume 12 
mn at s flow rate of 1 ml/minute. The column woe then washed with 00 ml of 20 mM sodium phosphate 
DUTfer (pH 7J» containing <L5 M guenldlne hydrochloride end eluted with 38 ml of 20 mM sodium 
phosphate buffer (pH 7,0) containing 2 M guanidine hydrochloride to give 20 ml of en antrvfralry active 
fraction. r 

69 "^I? 20-miThJCtlon was applied to a Sephscryl S-200 (Pharmacia) column (23*94 cm, column volume 

600 ml) equilibrated in advance with 25 mM ammonium acetate buffer (pH &0) containing 1 mM 

etfnjrten^tem^o^ea^tme. 0,16 M sodium chloride, 10 mM cysteine and 2 M guenldlne hydrochloride, 

'r x,on wJtn m * Mm9 buffBr - Thus was obtained 37 ml of an antMrally active fraction. 

■ * ,TJ!?,S^T?/ r ' dsificionl IFN-V P o| YP e P t, *de <lFN-yd2| obtained weighed 53 mg and had a pacific activity 
& or i.oxio* Lvmg. 
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Reference Example 4 — Production of IFN-yd3 
(1) Tronafbrmont production 

The IPN.y expression plasmid pRC23/iR-900 [ef. Example 7 of the specification for a patent application 
under EPC as laid open under No. 0089676] was digested with the restriction enzymes Nde\ and Neol and a 
s 710 bp N4e\-Nco\ DNA fragment |A) containing the IFN-y gene region was isolated. Separately, the plaamtd 
pRC23 was digested with the restriction enzyme Bgm and tcoRl, and a 289 bo DNA fragment (8) containing 
mo Aft, promoter woo Isolated. The fragments (A) and (6) and tho chemically syntheafxed, protein ayntheeia 
start codon-contatning oligonucleotide 

, 0 AATTCATGCAGGATCCA 



GTACQTCCTAGGTAT 



were Joined together using T4 DNA llgeee, with the Afdal and fcoRI cohesive ends as tho attea of joining. 
1S Tho ONA froament thuo obtained waa joined to tha plaamld pRC2a/lPI-0OO after treatment with A/cot and 
0*711, to thereby construct an expreaalon plasmid. dLC2. coding for 010 CVe-Tyr-Cys-deffCieni IFN-V 
ootvoeDtide (Flo. 2). Thla plaamid pLC2 wea used for transforming £sc*«/fc*fe coll Rftl{pRK248 dta) by tho 
Sod; Uf Cohen at el. [supra] to give a transformer, tocherfchia toll )-£ colfi PRI(pLC2,pRK248 cits). 

so <!l) Tranaformant cultivation 

The strain £ eoff RRI(pLC2,pRK246 cits) carrying the pleamid conetruetad in M above was 
ahako-outturod at 3S*C in 60 mi of a liquid medium containing 1% Beetotryptone, 0.5% yeast extract 0 5% 
sodium cniotioe and 7 jig/ml tetracycline. The culture broth was trvnafarred to 2.5 litara of M9 medium 
containing 0,6% caaamino add, 0.5% glucoae and 7 ugAnl tetracycline! and grown at 3S*C f or 4 hours and 

M then at 42*C for 2 hours. Cells ware harvested by carrtrmigatlon and stored at -fflTC 

(III) Purification 

In 22 ml of 0.1 M Tris-hydrocnioriae buffer (pH 7.0) containing 7 M guanldins hydrochloride end 2 mM 
pherrytmethvlautfdnyl fluoride, there ware auapandad 7.1 g of frozen call* obtained In tha aeme mannar «• 

90 mantioned above In (11). The suspension wea stirred at tf"C Tor 1 hour and trtan camrtTuaed at 1 0,000* o Tor 
30 minutes to give 24 ml of a supernatant. This supernatant was diluted by adding 300 ml of PBS and the 
dilution waa applied to an antibody column (Moy2-11.1, column capacity 15 ml) at a flow rata of 1 
ml/minute. Thereafter, the column was wasned with 60 mi of 2D mM sodium phosphate buffer (pH 7A) 
containing 0.5 M guanldlne hydrochloride and then eluted with. 45 ml of 20 mM aodium phosphate buffer 

as (pH 7.0) containing 2 M guanidine hydrochloride* to give 25 ml of an irroviralty active fraction. Thia fraction 
(25 ml) waa applied to a Seohecryi $-200 (Pharmacia) column (2.6x04 cm; column capacity 600 mi) 
equilibrated In odvonoo with 25 mM ammonium acetate buffer (pH 6.0) containing 1 mM ethylenedlsmlne- 
tatreaeatlc acid, 0.15 M sodium chloride, 10 mM cysteine and 2 M guanldlne hydrochloride! and eluted wnn 
tne seme buffer to give 40 .ml of an antiviral h/ active fraction, 

«9 Tho thus-obtained C^TVCys-defteiem IFN-y polypeptide IFM-y d3 weighed 7,0 mg and had b spedfle 
activity of 2,72*10 ? lU/mg. 

Reference Example 5 — Production of non-glycoayleted human IL-2 
(i) Tranaformant cumvenon 

m & co// DH1/pTF4 (6PO Pat. Appln. No. B43O61Sd.0) waa inoculated Into SO ml of a liquid medium ipU 
7.0) containing 1% Bacto tryptono (Dlfco Laboratories, USA). 0JB% Bacto yeaat extract (Drfco Laboratories, 
USA), 0.6% sodium chloride and 7 ug/ml tetracycline ee placed In a 290*ml Erionmeyer flask. After 
Incubation at 37"C overnight on a swing rotor, the culture medium wae transferred to a 5-ltter jar farmentar 
containing 2.6 liters of M9 medium containing Q\5* caaammo acid, 0.5% glucose and 7 ug/ml tetracycline. 

so Incubation wee then conducted with aeration and stirring at 37"C for 4 hours and altar addition of 
S-p-lndoiyfacrylfe add (Wug/ml), for further d hou rs. Calls were harvested from the thus-obtained 2.5-liter 
culture broth by centrmigarlan, frozen at -80HC and stored* 

(il) extraction - 

5f The freeze-stored cells (12.1 g) obtained above were auapandad uniformly In 100 ml of on oxtractanc 
(pH 7-0| containing 7 M guanldlne hydrochloride and 0.1 M Tne • HO, the auspenslon wes stlrrad at 4°C for 
1 hour end tha,lysate was' centrlfuged at 28,000 xg for 20 minutsa. There was obtained 93 mi of a 
supernatant. 

x (Hi) Purification of IL-2 protein 

Tho eupornatant obtained above waa dialyzed against 0.01 M Trie - HCI buffar (pH 8-5) and then 
centriruged at 19,000* g for 10 minutaa. giving 04 ml of a dlafyzate supernatant. This dlatyzate supernatant 
was applied to a 0E 62 (DEAE-ceJIulose, Whatman, Great Britain) column (SO ml in volume) eouifibreted 
with 0-01 M Trie • HO buffer (pH 6.5) far protein edeorption, IU2 wes eluted making a linear NeCI 

a concentration gradl nt 10—0,15 M NaCI. 1 liter). The active fractions (63 ml) were concenueted to 4.8 ml 
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using a VM-5 membrane (Amico, USA) and subjected to gel filtration using a Sephacryl S-200 (Pharmeoia, 
Sweden) column 4500 ml in volume) eoulbrated with 0.1 M Tris • HQ (pH &0l— 1 M NaCI buffer. The active 
fractions (28 ml) obtained wore concentrated to 2.6 ml using a YM-9 membrane. The concentrate wae 
applied to en Ultrapore RPSC (Aftax, USA) column for adsorption, and high performance liquid 
chromatography was performed using a trffiuoroacetfc acid-ecatonTtrtle system as the eluent. 

Under the conditions: column* Ultrapore RPSC (4.6x75 mm); column temperature, 30"C: eluent A, 
0.1% trtfluoroacetfc add— 99.9% water; alusnt 8, 0.1% tnfluoroaeetlc acid— 39-9% acetonrtrilc; elution 
program, minute 0 (68% A+32% B)-minute 29 (65% A+45% B) -minute 35 (45% A+56% Bl-minuta 45 
(30% A+70% Bl-minuts 48 (100% B|; etution rate. 0.8 ml/min.: detection wave length, 230 nm. An active 
w fraction wsa collected at a retention time of about 39 minutes* Thus was obtained 10 ml of o solution 
containing 0.53 mg of non-glycoayiated human IL-2 protein {specific activity, 40,000 U/mg; activity recovery 
from starting material, 30.6%; purity of protein, 99% (determined by densitometry)), 

Claims 

75 

1. A chemically modified lymphoklne naving polyethylene ofyeol of the formula; 

29 wherein R Is e pratactfve group for me terminal oxygen atom and n Is an optional positive integer, bonded 
directly to at least one primary amino group of the lymphoklne moiety. 

2. The modified lymphokine according to claim 1, wherein the lymphokine moiety has molecular 
weight from 6,000 to 60,000. 

3. The modified lymphoklne according to deim 2. wherein the lymphoklne moiety has molecular 
is weight from 10,000 to 30,000. 

4. The modified lymphoklne according to claim 1, wherain the h/mphokine moiety is interferons, 
interleukln-2, macropfiege differentiating rector, macrophege activating factor, or eubatances similar In 
structure and in physiological activity to these. 

6u The modified rymphoJdne according to daim 1, wherein the lymphokine moiety le intorforon-o, 
<*• iniorfor o n-p, Interfsron-r, interforon-Yd2, Interferon-vd3 or Interieuldft-2. 

6. The modified lymphokine according to claim 1, wherein the lymphoklne moiety fa Interferonxu 

7. The modified lymphoklne according to claim 1, wherein the lymphokine moiety le Interferon-y. 
a The modified lymphokine according to deim 1, wherein the lympnoklne moiety le lnterleukin-2. 

9. The modified lymphokine according to claim 1, wherein the polyethylene glycol hea molecular 
& weight corresponding to 1 to 10% of tne molecular weioht of the lymphoklne moiety. 

10. The modified lymphoklne according to deim 1, wherein the poh/sthyteno glycol has molecular 
weignt from aeo to 6,000. 

11. The modified rymphokme according to claim 1, wnerein H la alkyf or oUcanoyl. 

12. The modified rymphoklne according to olelm 1, wherein n to a poaltfvo Integer from 7 to 120. 
40. 13. The modified lympnoklne according to claim V wherein the primary amino group la N-termlnei 

o-emlno group or e-emfno group of lysine residue In the lymphoklne moiety. 

14* Tne modified lymphoklne according to claim 1, which has polyethylene glycol bonded to 15 to 80% 
of e-amfno group* of lysine residue in the lymphoklne moiety. 

15. A method of producing a ehsmleaily modified lymphokine having polyethylene glycol of the 
4tr formula: 

fM-OCH^CHr^ 

wharefn R Is a protective group for the terminal oxygen atom end n is an optional positive Integer, Bonded 
60 directly to at least one primary amino group of the fymphekine rnoelty, which comprises reacting a 
lymphoklne with en aldehyde of the formula: 

sb wherein R and n are aa defined above, [n the presence of o reducing agent. 

16. The method according to claim 16, wherein the reaction le conducted In the neighborhood of 
neutrality. 

17. The method according to claim 15, wherein the reducing agent is sodium cyanoborohydride. 



PatemansprOche 

i. Cnamlech modrHziertes Lyrnphokin, das ein Poryathylengiyeol der Formal 

fH-O— CHfCHrfci 
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worin R ine Schutzgruppo fOrdoe endatandigo Sauoratoffetom let und n aine wAhlbora positivo ganzaZahl 
darsiellt, direkt an wenJgstena elna prlm*r* Aminogruppo des Lymphokinanteil* gebunden a nth a ft. 

2. Moomzrenes Lvmpnokln nach Anaprucn 1* worin der Lymphokinantall ein Motekulargewlcht von 
5.000 bis 50.000 besitzt. 

b 3, Modlflzlertea Lymphokin **** Anapruch 2. worin dor Lymphokinanteli ein Moiecuiargewicnt von 

10.000 bla 30.000 sutwelst. 

4. Modifiatiortoo Lymphokin noeh Anapruch 1, worin der Lymphokinanteli aua Interferonen, Intarleukm- 
2, MBkrophag-DImmnzierungsfettor, Makrophag*Attivierung8falanr Oder dlaaen in Strukrur und 
physlologlacher Akrivitet flhnllchen Substenzen beeteht 

w 5. Modlflsferte* Lymphokin nach Anapruch 1, worin dar Lymphokinantail Inlarraron^ lntarferon-& 

Interteron-Y, interr&ron-Yaz. interferon-Yda oaer imerieuwn-2 let 

6\ MadlflzlBrtBO LymDhokin nech Anapruch 1, worin dar LymphoWnantoil Interferon-a let. 

7. ModMzieftee Lymphokin nach Anapruch 1, worin der Lymphokinanteli lnt*r*eron-y 1st. 

8. ModifWaitae Lymphokin nach Anapruch 1, worin dar Lymphokinentell lrtterleukin-2 in. 

18 9. Mofitlenea Lymphokin nach Anapruch 1. worin daa PolyAthylongtycot aln Molaulargewfeht eufweiat, 
daa 1 bta 10% das Molaulargawichtes des Lymphokinantailes ontaprteht, 

10. ModiflZlertea LympnokJn nach Anapruch 1. worin dai rHilyathylangiycol aln Molecufanjewicht von 
350 bio 6,000 boaifert, 

11. Modffixbirzae Lymphokin nach Anspruch 1. worin R fur Alkyl Oder Alkanoyl steht 

20 1 2. Modffiztertes Lymphokin nach Anepruch 1 , worin n elno positive genze Zahl von 7 bla 1 20 bedautet. 
13. Modifiziertaa Lymphokin nach Anapruch 1 ( worin die primara Amlnogruppo elne N-endalflndige 
a-Aminogruppa odar e-Aminogruppa eines Lysinraataa im Lymphokinanteli dersteilt. 

14* ModHlzIertee Lymphokin nach Anapruch 1, doe ota Poh/athy1an B lycol emhdlt, daa on 15 We ao% dar 
e-Aminogruppen d» Lysinraataa im Lymphoklnantan gebunden iat. 
25 15. varranran zur Herstaiiung alnes cfiemiacn modlflzfenen Lvmpnokina. aaa ein Poiyainylengtycol dar 
Formal 

IM-OCHtCrVht 

30 worin H aina scnutzgruopa tor daa enoatartdige Saueratoffatom in und n for elne w&hlbare positive ganzB 
Zahl steht direkt an wenigeterta aine primfire Aminogruppe des Lymphokmantails gebundan enthalt, 
welchee Varfahran dm Umastzung ainas Lymphokina mft ainam Aldahyd der Formal 
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rH^-CH^CHHlFiO-CMjCHO. 



worin R und n die vorstehend engcfOhrto Bedeutung bcatacn. In Gogonwert olnoo Roduktfonornittela 
umfaSt 

10. Verrartren nacn Ansprucn I3 r worin die Rea talon in der N0be dee Neuiralberelchea durchgafOhrt 
wtrd. 

40 17: Verfahren nach- Anapruch 15, worin daa Reduktionamitcel Natriumcyanborhydrld iat. 
Revenoieationa 

dg 1. Lymphokin* chimiquement modffiea ayanl du polyAthylenegiycol do formule: 

R-M>-CHtCHHa 

dona laqualla Rsitun groupa protacteur do f atom a d'ofcygeno terminal ot n eat un nombr* cmler poaltlf 
so laleee su choix, lie dlrectement a au molrta un groupa amino primalro du fragment lymphokine. 

2. Lymphokine modrfiee aelon la revendication 1. dana laoucOe le fragment lymphokine a una maaae 
moleoulalro oomprtao ontro 5000 ot 50 000. 

3. Lymphokine modiflao aelon la revendication 2, dana laqualla le fragmant rymphokine a una maaae 
moieeuiaire oomprfee antra loooo at 30 000. 

sa 4. Lymphokina modineo aalon la revindication 1, dana laqualla le fragmont lymphokine oat un 
Interferon l*tnteriaukIno«2. un faeteur da dtfMrandatfon da maerophagau un facteur d'actfvatfon da 
macrophage, on una au baton ca afmilelra en atructure et en ectlyfti phyaloiogfque e cea substance*. 

5. Lymphokine modifl^e salon la revendication 1, dens lequelle le fragment lymphokine est 
Hnterfaran-a llmerfaron-3, nnterfBron-y, rlntarfaron-ydZ. rintarferon-yd3 ou rtraerteuwne-2. 

90 9. Lymphokine modlfieo aelon to revendicadon 1, dana lequallo la fmgmant lymphokine oat 
t' intarferon-a. 

7. Lymphokine modTflee salon to revondteedon ^ l dana laqualla lo fragmant lymphokina est 

nnterf<ron-y. 

8. Lymphokine modlfiee aelon la revandlcati n 1. dana laqualla la fragment lymphokine est 
90 i'lntorieuklne-2. 
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9. Lymphokjne modifies salon la revendleatlon 1, dona loquelle le poryathyleneglycol a una masse 
moloculaire correspondent a 1% a 10% de la massa molaculaire du fragment lymphokine. 

10. Lymphokine modified salon la revendleatlon i, dans laqualle le polyfthylanaolycol a una masaa 
moJ6culaira comprise antra 350 at 6 000. 

* 11. LymonoWno mootflaa aalon la revendicstion 1, dana laqualle R est un aikyia ou un alcanoyle. 

1 2. Lymphokine modifies aelon la revindication 1 , dana laquells n est un antler poslttf compris antra 7 
at 120. 

13. LvmphOklne modifWe salon la revendleatlon 1. dana laqualle U groups amine primaire eat lo 
groups a-amlno da I'eKtremfto N-tarmlnale ou la groups e-amino d'un rests lysine dans la fragment 

70 lympholclne. 

14. Lymphokine modlflee aelon la revendleatlon 1, qui a du polyithyleneglyool 116 a 15% h 80% das 
groupos a-amlno du resto ryalne dana le fragment lymphokine. 

IB. Proced* da preparation d'une tymphofclne chimiquement modirlea eyant du polycthyleneglyeol da 
formula: 

is 

ft I Q C H^Vta 

dans laqualle R eat un groupe proteetaur do I'otomo d'oxygeno terminal ex n est un nomorg eniier poaltJT 
lajGSe au choix M dlmctsment a au molns un graupa amino primaire du fragment lymphoklno, qui 
29 comprend le reaction d'une lymphokine avec un aldaltyde da formula: 



R^-O-^CH^CHg^O—CHiCHO 

dana laqualle R at n sont tela que deflnTe et-desaus, an presence d'un agent reducteur. 

16. Precede aelon la revindication 16- dans laquai la reaction est reallege au volalnage da la neutrality 

17. Prec£da salon la revindication 16. dana laquai regent raductaur ast du cyanoborohydrura da 
sodium. 
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Fig. 1 
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Pig. 3 
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Pig. 4 
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